Abstract: A continuous rise in the rate of cesarean deliveries has been reported in many countries over recent decades. This trend has prompted the emergence of a debate on the risks and benefits associated with cesarean section. The present study was designed to estimate cesarean section rates over time during the period between 2000 and 2010 in Peru and to present outcomes for each mode of delivery. This is a secondary analysis of a large database obtained from the Perinatal Information System, which includes 570,997 pregnant women and their babies from 43 Peruvian public health facilities in three geographical regions: coast, highlands, and jungle. Over 10 years, 558,901 women delivered 563,668 infants weighing at least 500 g. The cesarean section rate increased from 25.5% in 2000 to 29.9% in 2010 (26.9% average; P , 0.01). The rate of stillbirths was lower with cesarean than vaginal deliveries (P , 0.01). On the other hand, and as expected, the rates for preterm births, twin pregnancies, and preeclampsia were higher in women who delivered by cesarean section (P , 0.01). More importantly, the rate of maternal mortality was 5.5 times higher in the cesarean section group than in the vaginal delivery group. Data suggest that cesarean sections are associated with adverse pregnancy outcomes.
Introduction
The Millennium Declaration, adopted by the United Nations in 2000, set a series of Millennium Development Goals (MDGs); among them was the aim to reduce maternal mortality by three-quarters by 2015. 1 There is growing consensus that a primary bottleneck in achieving MDGs is a health system that is too fragile and fragmented to deliver the appropriate volume and quality of services to those in need. 2 Development of more responsive health systems appears to be prerequisite to achieving health-related MDGs.
The implementation of specific new interventions would enable health systems to better respond to the MDGs and make them more attainable. The provision of highquality pregnancy and delivery care, including emergency obstetric assistance, is central to decreasing the maternal mortality ratio. Not only does the maternal mortality ratio need to be decreased, but also direct etiologies of maternal mortality need to be identified and addressed in order to evaluate the quality of obstetric care. 3 In the region of the Americas, the main challenges in meeting the MDGs are: improving and harmonizing health information systems; designing health programs that bring together the set of services and interventions with greatest impact and according to the special characteristics of the targeted populations; strengthening the political will; and guaranteeing funding for the measures undertaken to attain the MDGs. 4 Existing data in Peru, a country in South America characterized by differences in health system capacity in its three distinct geographical regions (the coast, the highlands, and the Amazon jungle), reveal that, although a substantial reduction has occurred (185 maternal deaths per 100,000 live births in 2005 to 67 per 100,000 for 2010), high maternal mortality rates still remain in rural and remote areas of the country. 5, 6 A continuous rise in the rate of cesarean sections has been reported in many countries over recent decades. 7 This trend has prompted the emergence of a debate on the risks and benefits associated with cesarean delivery. Previously, in a study in France, cesarean section was associated with an increased risk of postpartum maternal death. 8 In a cross-sectional study using data from 119 countries from 1991 to 2003, no association between cesarean section rates and maternal or neonatal mortality was shown in medium-and high-income countries; in low-income countries, however, a negative and statistically significant linear correlation was observed between cesarean section rates and neonatal mortality and between cesarean section rates and maternal mortality. 9 With reference to regions as classified for the MDG reporting, maternal mortality ratios in 2005 were highest in developing regions (at 450 maternal deaths per 100,000 live births), in stark contrast to developed regions (nine) and countries of the Commonwealth of Independent States (51). Among the developing regions, sub-Saharan Africa had the highest maternal mortality ratio (at 900) in 2005, followed by South Asia (490), Oceania (430), South-Eastern Asia (300), Western Asia (160), Northern Africa (160), Latin America and the Caribbean (130), and Eastern Asia (50). 10 A more recent analysis from an ecological study, based on the latest official data (2000-2009), 11 is available for 124 countries and shows that the global median proportion of cesarean deliveries for this time frame was 13.8%. In countries with cesarean rates of less than 15%, higher cesarean rates were associated with lower infant, neonatal, and maternal mortality rates, and with lower rates of low birth weight. In countries with cesarean rates greater than 15%, cesarean rates were not significantly associated with infant or maternal mortality rates.
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In 2005, the World Health Organization (WHO) Global Survey on Maternal and Perinatal Health, in a multistage stratified sample obtained from 120 health facilities, comprising 24 geographic regions in eight countries in Latin America, showed that the rate of cesarean section was positively associated with adverse outcomes such as postpartum antibiotic treatment and severe maternal morbidity and mortality, even after adjustment for risk factors. 12 These contrasting results point to the need to study the association between cesarean section rates and maternal health within within sub-national divisions in each country, where differences in intervening factors, such as the population's access to health services and women's characteristics, can be taken into account. In Peru, a middle-income country with recent improvements in the economy and the health care system, little is known about cesarean section rates over time in public health care centers nor about the association between cesarean section and maternal mortality rates.
The objective of the present study was to estimate cesarean section rates over time between 2000 and 2010 and present maternal and perinatal outcomes by mode of delivery in Peruvian public health facilities.
Materials and methods
This is a secondary analysis from a dataset of the Perinatal Information System (Sistema Informático Perinatal) obtained from 43 public health facilities (40 hospitals and three health centers) in Peru located in the country's three main geographical regions, comprising the coast, the highlands, and the Amazon jungle. Data correspond to deliveries that occurred from January 1, 2000 to December 31, 2010. These health facilities are run by the Ministry of Health and serve a population of low to middle socioeconomic status, in which most individuals are without insurance, or have, at best, basic insurance.
The database included a total of 570,997 pregnant women and their newborns from 37 cities of 20 departments. From the total sample, 812 domiciliary deliveries were excluded, as were 9,625 deliveries without data for the newborn, 480 with incoherent birth weight data in relation to gestational age, and 1,179 cases of congenital malformation. The final sample included deliveries from 558,901 pregnant women.
The outcome variables studied were stillbirths, preterm births, small for gestational age, preeclampsia, and maternal mortality. Stillbirths were diagnosed when fetal deaths occurred after 20 weeks of gestation or with weights higher than 500 g. Preterm birth was defined as delivery before 37 weeks of gestational age. Preeclampsia was defined as the presence of pregnancy-induced hypertension (systolic pressure of $140 mmHg and/or diastolic pressure of $90 mmHg) and proteinuria ($300 mg/24 hours) after 20 weeks of gestation.
Maternal mortality was defined as the death of a woman while pregnant or within 42 days of the termination of the 
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cesarean section outcomes in Peruvian public health facilities pregnancy from any cause related to or aggravated by the pregnancy. Maternal mortality ratio was defined as the number of maternal deaths per 100,000 live births.
Elective cesarean section is a planned intervention performed prior to labor on a pregnant woman on the basis of an obstetrical or medical indication or at the request of the pregnant patient. Emergency cesarean section is performed during labor because there is threat to the life of fetus and/or mother.
Hospitals are classified according to their function and complexity. In level I, the hospital offers comprehensive ambulatory care with no major surgery and emphasis on health promotion and prevention. In level II, the hospital provides comprehensive outpatient and inpatient care in the four main specialties. Level III hospitals add more specialization (subspecialties) to the previous category.
Data were analyzed using Stata software (v 10; StataCorp LP, College Station, TX, USA). The chi-square was used for data expressed in proportions. The confidence interval (CI) was defined at 95% for each variable. Rates of cesarean section were estimated according to obstetric characteristic, geographical region, year of birth, and adverse perinatal outcomes. Estimates of crude and adjusted odds ratios (ORs) with 95% CI were computed as measures of association between the variables. Adjusted ORs were derived through logistic regression models. Significance was defined at a value P , 0.05 for all statistical analysis.
The Universidad Peruana Cayetano Heredia (Lima, Peru) institutional review board approved the protocol.
Results
Over the 10 years in the database, 558,901 women delivered 563,668 infants weighing at least 500 g. The cesarean section rate increased from 25.52% in 2000 to 29.96% in 2010 (P , 0.01) (average of 26.9%). The institutional maternal mortality ratio was 30 per 100,000 live births. There were 91 maternal deaths following elective cesarean sections and 70 maternal deaths following emergency cesarean sections. Cesarean sections in general were more frequent at the coast (32.8%) than in the highlands (23.7%) (P , 0.01) or Amazon jungle (20.6%) (P , 0.01). However, elective cesarean sections were more frequent in the jungle (58.2%) than in the highlands (56.1%) (P , 0.01) and the coast (52.1%) (P , 0.01). Cesarean section was nearly seven times more associated with a prior cesarean section (24% versus 3.6%; P , 0.01) and four times more with preeclampsia (9.5% versus 2.2%) than with a vaginal delivery; P , 0.01.
At level II and III hospitals, the highest rate of cesarean section occurred at the coast (P , 0.01), followed by the highlands and the jungle. As expected, elective cesarean sections were more frequent at level II hospitals compared to elective cesarean sections at level III (P , 0.01) ( Table 1 ).
In the three geographical regions of Peru, cesarean section rates increased over time. The highest rates were observed in the coast, increasing more than 10 percent points from 2000 to 2010, to reach 40% in 2010 (P , 0.05 from 2004 to 2010, compared with 2000). In highland and jungle regions, the cesarean section rate was approximately 20% in 2000 and increased to 30% in the highlands (P , 0.05) and slightly higher than 20% in the jungle by 2010 (P , 0.05 since in 2006 the rate was much higher with respect to the year 2000) (Figure 1 ). The distribution of cesarean sections by indication is presented in Figure 2 . A previous cesarean section constituted the dominant indication (16.7%). Cephalopelvic disproportion, fetal suffering, the failure of trial labor, and breech presentation were other important indications for cesarean section. It is important to note that a sizable 17% of cases did not record any indication.
Elective cesarean rates from 2000 to 2010 in the three geographical regions in Peru followed the same pattern as for total cesarean rates (data not shown). The highest elective cesarean rates were observed at the coast (P , 0.01).
Values of elective cesarean rates at the coast were higher than the total elective cesarean rates (P , 0.01). The lowest elective cesarean rates were observed in health facilities located in the Amazon region (P , 0.01). In the coast, elective cesarean section rates increased until 2009. In the highlands, elective cesarean section rates increased until 2010. In the jungle, elective cesarean section rates were maintaned from 2000 to 2007, but thereafter rates were reduced (reaching rates similar to 2010).
The rate of stillbirths was lower with cesarean section than with vaginal deliveries (P , 0.01). On the other hand, and as expected, the rates for preterm births, twin pregnancies, and preeclampsia were higher in women who delivered by cesarean section (P , 0.01). The maternal mortality rate was 5.5 times higher in the cesarean section group than in the vaginal delivery group (Table 2) .
We grouped the health facilities according to different levels of cesarean section rates (,10%, 10%-20%, 20%-30%, .30%) and looked for any associations with stillbirths, preterm births, preeclampsia, and maternal mortality rates (Table 3) . With respect to stillbirths and preterm deliveries, health facilities with cesarean section rates over 30% were associated with lower rates of stillbirths compared to health facilities with less than 30% cesarean section rates (P , 0.0001) or compared to the group of women with vaginal delivery in the same group of health facilities (P , 0.0001). Preterm births were higher in the groups with cesarean section rates.
Preeclampsia was more common among women who underwent a cesarean section than in those who had a vaginal delivery (P , 0.0001). In addition, preeclampsia was more common in health facilities categorized as centers with cesarean section rates .30% (P , 0.0001).
Institutional maternal mortality ratios were 108 per 100,000 for cesarean deliveries and 18 per 100,000 for vaginal deliveries (P , 0.0001). Additionally, the maternal mortality ratios between health facilities with different cesarean section rates were not statistically different (P . 0.05) ( Table 3) .
During the study period, cesarean deliveries after prior cesarean section increased slightly from 2006 to 2010, with the highest rates seen in the coast and the lowest rates in the Amazon basin (data not shown). Given the findings about maternal mortality displayed in Table 3 , a logistic regression analysis was performed for several characteristics. Analyses showed that elective cesarean section (P = 0.001), emergency cesarean section (P = 0.001) (compared to vaginal delivery), living in the highland (P = 0.001) or Amazon jungle regions (P = 0.003) (compared to the coast; P = 0.012), and receiving care in a level I or III hospital (compared to level II) were associated with higher ORs for maternal mortality, whereas previous cesarean section was associated with lower ORs for maternal mortality (P = 0.012) ( Table 4) . After adjusting for confounders (age, body mass index, anemia, preeclampsia, prenatal care, twin pregnancy, and urinary tract infections), elective and emergency cesarean both had more than four times the ORs for maternal mortality than with vaginal delivery.
Discussion
The cesarean section rates in this study are comparable to others in Latin American countries. 12 The mean cesarean section rate in Peru for the period 2000-2010 in 43 public health facilities was found to be 26.9%. WHO recommends maintaining cesarean delivery rates to between 5% and 15% of total births: the lower limit represents the expected rate of interventions to prevent maternal mortality and/or severe morbidity, and the upper is the limit above which no improvements in maternal and neonatal health outcomes can be expected to be observed. 13 Thus, the rate of cesarean sections in these Peruvian facilities exceeds the currently recommended cesarean section rates at population level. This could be due in part to the fact that several of them may be referral hospitals, which receive relatively more cases with complications than the average hospital.
In Peru, data from 2008 show that 58% of the population were not covered by any type of social insurance (private or public) and needed to use the services offered by the Ministry of Health through the public health system. With respect to the population with insurance (42%), 20% was covered by the social security system (EsSalud), 18% by the Integrated Health Insurance (issued by the Ministry of As observed in other countries, 7 cesarean section rates in public health care centers in Peru has increased over time, but also differentially between geographical regions, with the highest rates found in maternity units located in the coast and the lowest in the Amazon jungle. A key finding was the high contribution of elective cesarean sections to the total cesarean delivery rates observed in Peru (54.3%).
In Peru, the population with the least resources is located in the jungle, 14 and it is in this region that the lowest rates of cesarean sections were observed. This may indicate inequities in the use of cesarean sections in particular and of health care in general. 15 The finding that relatively higher rates of elective cesarean section were observed in the jungle seems to be due to the fact that level III hospitals in the jungle have more elective cesarean sections than level III hospitals at the coast or in the highlands; the reasons for this are, however, unknown.
In the poorest countries of the world, mostly in subSaharan Africa, large segments of the population have almost no access to potentially life-saving cesarean sections. 16, 17 On the other hand, the Latin America region presents the highest average of deliveries by cesarean section worldwide. Large 
Year of delivery Types of cesarean sections (%)
Elective Emergency In Brazil, about 40% of deliveries occur by cesarean section, which represents the highest rate worldwide. 17 Peru's latest (2012) national estimate of the proportion of deliveries by cesarean section is 25% (and 49% among the wealthier women) and it leans towards the high end of Latin American countries.
14 In this context, our study adds to the literature documenting inequities not only between countries, but also within a country.
In 1985, WHO stated that "There is no justification for any region to have cesarean section rates higher than 10%-15%." 18 This recommendation was based on the scarce data available at the time, which did not demonstrate any benefits from higher rates of cesarean section in relation to maternal or perinatal mortality at population or hospital level. Very low and very high rates of cesarean section can be dangerous, but the "optimal" or "ideal" rate is unknown and may depend on the setting, patient circumstances, and availability of resources. There is global concern about the existence of cesarean section on demand, and it is important to understand the modifiable causes of rising cesarean section rates. In order to propose and implement effective measures to reduce or increase cesarean section rates where necessary, it is first essential to identify what groups of women are undergoing cesarean sections and to investigate the underlying reasons for trends in different settings. This requires the use of a classification system to monitor and compare cesarean section rates in a standardized, reliable, consistent, and action-oriented manner. In 2011, investigators from WHO reviewed several systems and identified the Robson system as the best one for this purpose. Many facilities and studies are implementing this system, which is helping to understand better the subpopulations and conditions associated with this procedure. 19 A previous cesarean section has been reported as an important risk factor for delivering by cesarean section in subsequent pregnancies in countries with high cesarean rates, 20 a factor that could be modified with appropriate policy and guidelines. As seen in another study, 21 when cesarean delivery was medically indicated, the dominant indication was a cicatricial uterus. Currently, there are a number of recommended ways by which to encourage vaginal delivery in women with prior cesarean section. 22, 23 Similarly, our study shows that, in Peru, one of the main indications for cesarean section was a previous cesarean section. However, 17% of cesarean sections have no indications. It is possible that these could be normal pregnancies that ended in cesarean sections without medical indication.
Our study also shows a relative proportion of elective cesarean sections higher than expected (.50%). This is extremely high compared to other settings, such as Bangladesh, where elective cesarean sections were reported to be 30% of all cesarean sections. 24 In Dublin, Ireland, the proportion of elective cesarean sections between January 1 and December 31, 2009, was also less than 50% in relation to emergency operations. 25 Requests for cesarean section have been observed more commonly in private clinics. 26 However, our study included public health facilities serving low-middle and low socioeconomic status populations, in which insurance schemes (eg, social security or private insurance) are uncommon. Hence, it is worth investigating further the conditions under which these operations are performed and the responsibility and role of the medical profession in these high rates of elective cesarean section.
Increased rates of cesarean section in private clinics in Peru have also occurred as an effect of the 1997 health reform. This health reform, by improving medical insurance and liberalizing access of the population to the private sector, may have increased physicians' incentives to use cesarean section, raising rates from 28% to 53% in the private sector. Comparable trends in cesarean section rates have been observed in Latin American countries that implemented similar reforms in their private sector. In a recent worldwide study, 47.2% of the studied countries had cesarean section rates that exceeded 15%. Countries in Latin America and the Caribbean, along with countries in Europe, North America, and Oceania, had the highest rates. In this study, an inverse association between cesarean section rates and maternal mortality was observed for all regions except Europe. 27 This is not the case with the data from Peru, where we have observed a direct association between cesarean section rates and maternal mortality. This could suggest that the quality of health services and of the procedure in particular may not be adequate. However, further research is required to demonstrate this hypothesis. Moreover, from 165 maternal deaths associated with cesarean sections, 91 were associated with elective cesarean sections. In addition, the rate of maternal mortality was higher with primary cesarean sections than those with a previous cesarean section. This finding is of critical significance if elective procedures may not have followed a medical indication.
The maternal mortality rate in Peru has fallen by 50% over the period between 2000 and 2011. A comparison of maternal mortality ratios from three Demographic and Family Health Surveys (La Encuesta Demográfica y de Salud Familiar [ENDES]) shows that maternal mortality ratios fell from 265 per 100,000 live births in the 1996 survey to 185 in 2000 and to 93 deaths per 100,000 live births in the 2011 survey. 14 According to the United Nations, Peru, despite the progress, still has a maternal mortality rate that is among the highest in the Americas. 10 Hence, it is important to identify causes of this elevated maternal mortality ratio. Although cesarean sections were associated in this analysis with high mortality rates, it is necessary to analyze the severity of cases that undergo cesarean section compared to vaginal delivery. Since data from the Perinatal Information System do not allow this type of comparison, further studies need to conduct an in-depth analysis of factors associated with maternal deaths in Peru. Analysis of this type should include a review of indications for cesarean section and the conditions and circumstances in which they are performed.
Through the National Institute of Health of the Ministry of Health, research priorities that have been identified in Peru for the period 2010-2014. These are research to address the problems of human health resources; research to recognize mental health problems; impact evaluations of the social programs for reduction of child malnutrition; impact evaluations of the social programs for actual interventions in maternal mortality; and operational research and impact evaluations of interventions in communicable diseases. 28 Results from our study will be of importance when looking at programs aimed at reducing high rates of cesarean sections, particularly when the procedure is medically unjustified.
Factors involved in the rise of deliveries by cesarean section are multiple and may need a multifaceted approach, because no single strategy is likely to be effective or lead to sustained change. 29 This is particularly true in countries such as Peru, in which access to health services remains unequal, both within and between different geographical regions. Further studies are needed to ascertain the burden faced by both disadvantaged as well as more better-off women in relation to their exposure to cesarean sections and ultimately to adverse outcomes of pregnancy.
An important caveat of this study is that, for medically indicated cesarean sections, the observed increased risk of worse maternal outcomes could be attributed to the baseline conditions that caused the procedure to be undertaken and not to the procedure itself, and thus a causal relationship between cesarean sections and the outcomes cannot be proposed. This double causality problem could be solved by focusing on women with "no indicated risk." 30 Although we have assessed through logistic regression the crude and adjusted ORs for maternal mortality after controlling for type of delivery (vaginal births, elective cesarean sections, and emergency cesarean sections), we have found that, in both cases of cesarean section, the OR increased four times the value on women with no indicated risk (vaginal delivery). However, we recognize that a limitation of the study is not being able to distinguish between high-risk and low-risk pregnancies. An additional limitation of our study is that, although we adjusted for some potential confounding factors, there may be other factors about which we had no information and could not adjust for.
Conclusion
This study shows that cesarean section rates in the network of investigated Peruvian Public Health hospitals exceed the internationally recommended rates and that the rates are increasing over time, elective cesarean sections being more common than emergency procedures. Differences exist between geographical regions, which likely reflect different practices and capacities, with higher rates observed at the coast than in the highlands and Amazon areas. It is likely that many deliveries in public hospitals are of high risk. In Peru, in 2008, 11% of deliveries still occurred in the home. 31 It is plausible, therefore, that many high-risk births are referred to public hospitals, and, as a consequence,
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